INTRODUCTION
This report expands upon a study of the battle management/command, control, and communications element of the Global Protection Against Limited Strike (GPALS) system (Chisholm 1992) . Specifically, this report focuses on the SENSE function in the GPALS architecture.
A flow net representation is used to study some of the subfunctions of the SENSE function (Winter et al. 1991) . A more formal system is derived that can be analyzed with regard to the effects of false alarms, missed detection targets, data dependency, and fault tolerance (compliance of the system with the specified designs of the GPALS system). t|
FLOW NET REPRESENTATION OF THE SENSE MODEL
The model developed in Chisholm (1992) • Places. Places are represented by circles that contain text related to the type of data or data structure (i.e., tokens) processed by the transition.
Each place is some form of data (e.g., energy, analog data, or digitized data).
• Inputs to transitions. Inputs to transitions are represented by lines with arrows and by text that describes the inputs from the sensor and the environment being sensed.
ADVANTAGES OF FLOW NET REPRESENTATION
A flow net is a directed graph extend from Petri net theory (Peterson 1981 Figure 1 shows the relationship of the SENSE function in the sense-plan-execute triad developed in Chisholm (1992) . This report constructs the various levels of the flow net (see Figures 2-9 ). As one moves down these levels, each process is hierarchically decomposed At level 2, the symmetry of the ACQUIRE and PROCESS subfunctions becomes more evident (see Figures 4 and 5 ). In the ACQUIRE subfunction, the physics of the sensor mapping of the signal energy from the environment onto the sensor is coupled with sensor response, sensor distortion, and sensor noise. These activities are performed simultaneously as part of the ACQUIRE subfunction but have been decomposed in this way to mirror the PROCESS subfunction, which attempts to invert each of these steps. • The sensor fails to detect. Redundancy of sensors does not provide fault tolerance in this type of failure, but sensor fusion (different types of sensors) will provide fault tolerance if the sensors' response functions are independent and the signature of the target is not correlated among the sensor classes.
Level 3 further decomposes the structure (see Figures  6-9 ). For the ACQUIRE "grandchildren," the details of the specific sensor performance become critical. For the PROCESS grandchildren, the inverse functionality of the ACQUIRE functionality is preserved.
USE OF THE HIERARCHICAL DECOMPOSITION J
The hierarchical functional decomposition of SENSE is used to investigate the functionality of false alarms and missed detection. Table 2 shows a representation of the transitions and their relationships to false alarms and missed detections.
Although the properties of false alarms and missed detections are not unique, they play a fundamentally important role in the GPALS system. In the best case, false alarms involve ident0ification of nonexistent targets; while such identification is not directly harmful, it does consume resources that could be used more effectively for tracking and eliminating real targets.
In • The properties of false alarms and missed detections are critically important to the functionality of SENSE in the GPALS system.
• The processes in the ACQUIRE and PROCESS subfunctions are local (in time and space). Thus, data can be traced through these subfunctions to determine independent and dependent information. This interdependence is partly based on the bandwidth of the sensors and the effective bandwidth (smearing) of the process algorithms. Similarly, at the leaf level, the effects of implementing the data dependency issue can be investigated through use of the software.
